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(57) ABSTRACT 

A seal assembly including first and second components; a 
seal arranged between the first and second components to seal 
a secondary flow region from a primary flow region; and a 
second recess portion provided on a Surface of the second 
component between the seal and the primary flow region, the 
second recess portion further being arranged to receive a first 
portion of a flow from the secondary flow region and being 
configured to promote a second flow feature within the sec 
ond recess portion, wherein the second recess portion is set 
back from the Surface of the second component such that a 
second portion of the flow from the secondary flow region 
bypasses the second recess portion. 
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1. 

SEAL ASSEMBLY 

This invention relates to a seal assembly and particularly 
but not exclusively relates to a seal assembly for a gas turbine 
engine. 5 

BACKGROUND 

FIG. 1a shows a section of an Intermediate Pressure (IP) 
compressor 10 from a three-shaft gas turbine. As shown, air 
may be bled from a mid stage of the IP compressor via a duct 
12 to pressurise the fan disk and/or front 14 of the IP com 
pressor 10, e.g. for sealing purposes. However, the high 
pressure bleed air may leak into the mainstream 15 through a 
front seal 16, which is marked with a circle in FIG. 1a and 
shown in greater detail in FIG. 1b. 

It is known to provide seals between moving and stationary 
components, e.g. a rotor disk 22 and seal carrier 23, and 
typically such seals comprise labyrinth seals. The front seal 
16 shown in FIGS. 1a and 1b may comprise such a labyrinth 
seal. Generally, there are two types of labyrinth seal, the first 
being a “straight through type with a Succession of upstand 
ing edged fins extending across the leakage gap. The second 
type of labyrinth seal, as shown in FIG. 1b, may comprise a 
'stepped’ labyrinth seal in which there are again a succession 
of upstanding edged fins 18, but the opposed surface 20 is 
stepped to convolute the flow path. A leakage through the 
gaps between the upstanding edged fins and the opposed 
surfaces may therefore be further constricted. Examples of 
labyrinth seal are disclosed in the following documents: 
US2008124215, US2009067997, U.S. Pat. Nos. 5,029,876, 
3,572,728, 3,940,153 and 7,445,213. 

Typically, the edged fins of a labyrinth seal are formed from 
Solid metal with sharp machined edges to maximise the con 
striction offlow through the leakage gap. It will be understood 
that this leakage is due to a pressure differential across a 
rotary component, which may be a stage of a compressor or 
turbine in an engine. This pressure differential drives the 
blades or vanes of the turbine (or vice versa in the case of a 
compressor). Therefore any leakage about the edges of these 
blades or Vanes through the leakage gaps reduces the effi 
ciency as this pressurised working fluid provides no work (or 
in the case of a compressor requires further work) and may 
present detrimental mixing losses. 
The effectiveness of a labyrinth seal is subject to a number 

of factors. These factors include manufacturing constraints, 
in service conditions and geometrical limitations. Typically, 
the clearance between the upstanding fin and its opposed 
Surface is a significant factor with regard to the specification 
of an appropriate seal. This clearance dimension should be as 
Small as possible within the housing but without rotating part 
clashes or touching during normal operation. 

Multiple constrictions in series may reduce the leakage 
mass flow by reducing the pressure drop across each constric 
tion, hence reducing the leakage Velocity through the clear 
ance. The leakage flow is typically choked at the last fin. In 
previously-proposed front seal designs, as shown in FIG. 1b 
(and FIG.3a), a high-speedjet 21 at the exit of the last fin hits 
the rotor blade disk 22, and stays attached to the disk, thereby 
increasing windage losses. In addition, the leakage enters the 
mainstream flow 15 as a cross-flow with a high radial velocity 
and radial angle. This increases mixing losses and aerody 
namic spoiling at the IP compressor inlet. Furthermore, the 
leakage air is at a higher temperature than the mainstream, 
and thus has detrimental effect on the efficiency. 
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2 
The present disclosure therefore seeks to address these 

issues. 

STATEMENTS OF INVENTION 

According to a first aspect of the present disclosure there is 
provided a seal assembly comprising: first and second com 
ponents; a seal arranged between the first and second com 
ponents to seal a secondary flow region from a primary flow 
region; and a second recess portion provided on a Surface of 
the second component adjacent to the seal, the second recess 
portion further being arranged to receive a first portion of a 
flow from the secondary flow region and being configured to 
promote a second flow feature within the second recess por 
tion, wherein the second recess portion is set back from the 
Surface of the second component such that a second portion of 
the flow from the secondary flow region bypasses the second 
recess portion. 
The seal assembly may further comprise a first recess por 

tion provided on the surface of one of the first and second 
components and arranged between the seal and the primary 
flow region. The first recess portion may be arranged to 
receive flow from the secondary flow region and shed flow to 
the primary flow region. The first recess portion may be 
configured to promote a first flow feature. The first flow 
feature may flow with a portion of the first flow feature adja 
cent to the primary flow region. The portion of the first flow 
feature may be shed to the primary flow region in Substan 
tially the same direction as the flow in the primary flow 
region. The first recess portion may be arranged between the 
second recess portion and the primary flow region. 

According to a second aspect of the present disclosure 
there is provided a seal assembly comprising: first and second 
components; a seal arranged between the first and second 
components to seal a secondary flow region from a primary 
flow region; and a first recess portion provided on the Surface 
of one of the first and second components and arranged 
between the seal and the primary flow region, the first recess 
portion further being arranged to receive flow from the sec 
ondary flow region and shed flow to the primary flow region, 
wherein the first recess portion is configured to promote a first 
flow feature, the first flow feature flowing with at least a 
portion of the first flow feature adjacent to the primary flow 
region and the portion of the first flow feature being shed to 
the primary flow region in Substantially the same direction as 
the flow in the primary flow region. 
The first and/or second recess portions may be arranged in 

a cavity between the seal and the primary flow region. The 
cavity may be defined by surfaces of the first and second 
components. 
The second recess portion may be upstream or downstream 

of the seal. The second recess portion may be between the seal 
and the primary flow region. The second recess portion may 
be configured such that the second flow feature disturbs the 
flow from the secondary flow region. A third flow feature may 
be formed downstream of the second flow feature. The third 
flow feature may deflect flow away from a surface of the first 
component. The third flow feature may shed flow into the first 
flow feature. 
The seal may be arranged such that it is the last seal in a 

plurality of labyrinth seals. The seal may comprise a knife 
edge seal. Knife edge portions of the knife edge seal may be 
provided on the first component. 
The third flow feature may comprise a vortex. The second 

flow feature may comprise a vortex. The first flow feature may 
comprise a Vortex. 
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The second component may be a static component. The 
first component may be a movable component, e.g. movable 
with respect to the static component (or vice versa). 
A turbomachine, e.g. compressor or turbine, or a gas tur 

bine may comprise the above-described seal assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, and to 
show more clearly how it may be carried into effect, reference 
will now be made, by way of example, to the accompanying 
drawings, in which:— 

FIG. 1a shows a section of an Intermediate Pressure (IP) 
compressor for a three-spool gas turbine and FIG. 1b shows 
an example of a seal in Such a compressor, 

FIG. 2 shows a seal assembly according to an example of 
the present disclosure; 

FIG. 3 shows Mach number contours for, a previously 
proposed seal assembly (FIG. 3a) and an example of a seal 
assembly according to the present disclosure (FIG. 3b); and 

FIG. 4 shows a seal assembly according to a further 
example of the present disclosure applied to a stator shroud 
well. 

DETAILED DESCRIPTION 

With reference to FIG. 2, a seal assembly 100 according to 
an example of the present disclosure may comprise a seal 130 
arranged between first and second components 110, 120. The 
second component 120 may be a static component and the 
first component 110 may be a movable component movable 
with respect to the static component (or vice versa). The first 
component 110 may rotate with respect to the second com 
ponent 120. The seal 130 may comprise one or more knife 
edge or labyrinth seals. Knife edge portions or fins 132 of the 
seal may be provided on the first component 110. The seal 130 
may seal a secondary flow region 150, e.g. a non-mainstream 
flow, from a primary flow region 160, e.g. a mainstream flow. 
A flow passage 155 from the secondary flow region 150 to 

the primary flow region 160 may be defined by surfaces of the 
first and second components 110, 120. The primary flow 
region 160 may comprise a fluid, e.g. air, which flows over 
surfaces of the first and second components 110, 120 (not 
shown). A leakage flow 156 may flow from the secondary 
flow region 150 through a gap in the seal 130 and flow passage 
155 to the primary flow region 160. The leakage flow 156 may 
join the fluid flow in the primary region 160. 

The seal assembly 100 may further comprise a second 
recess portion 170, which may be provided in a surface of the 
second component 120 and in the passage 155. The second 
recess portion 170 may be arranged to receive a first portion 
of the leakage flow 156 from the secondary flow region 150. 
The second recess portion 170 may be set back from the 
Surface of the second component 120 Such that a second 
portion of the flow from the secondary flow region may 
bypass the second recess portion. The second recess portion 
170 may be configured to promote a second flow feature 172, 
e.g. a Vortex, within the second recess portion. 
The seal assembly 100 may further comprise a first recess 

portion 140, which may be provided in a surface of the second 
component 120 and in the passage 155. The first recess por 
tion 140 may be arranged between the seal 130 and the pri 
mary flow region 160. The second recess portion 170 may be 
arranged between the first recess portion 140 and the seal 130. 
The first recess portion 140 may further bearranged to receive 
a flow from the secondary flow region 150, e.g. leakage flow 
156 through the seal 130, and deliverflow to the primary flow 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
region 160. The first recess portion 140 may be configured to 
promote a first flow feature 142, e.g. a Vortex or a flow turning 
through an angle, within the first recess portion. The first flow 
feature 142 may flow with a portion of the first flow feature 
adjacent to the primary flow region 160. The portion of the 
first flow feature 142 may be shed to the primary flow region 
160 in substantially the same direction as the flow in the 
primary flow region at the interface between the first and 
second components 110, 120 adjacent to the mainstream. The 
second flow feature 172 may shed flow to the first flow feature 
142. 
The first and/or second recess portions 140, 170 may be 

curved. The first and/or second recess portions 140,170 may 
be concave. The first and second recess portions may be 
arranged either side of an apex or corner 122 in the Surface of 
the second component 120. The labyrinth seal itself may 
remain unchanged from previously-proposed arrangements. 
The radius of the second recess portion 170, e.g. a shaped 
cut-out, may be greater than that of the seal fins 132 to enable 
assembly and avoid a clash in the event of relative axial 
movement between the seal carrier and drum, e.g. first and 
second components, during running. In other words the 
shaped cut-out, including its edges, may be formed beyond a 
radius from the axis of rotation of the first component 110. 
which is greater than the radius of the tip of the seal fin 132. 
The second recess portion 170 may be configured such that 

the second flow feature 172 may disturb the leakage flow 156. 
A third flow feature 182, e.g. a vortex, may be formed down 
stream of the second flow feature 172. The third flow feature 
182 may deflect flow away from a surface of the first compo 
nent 110. The third flow feature 182 may shed flow into the 
first flow feature 142. 
The seal assembly of the present disclosure may give an 

improvement in rotor efficiency of up to 0.2% or more relative 
to previously-proposed designs. This improvement may be 
achieved through a combination of the following factors. A 
shaped cut-out feature, e.g. the second recess portion 170, 
may be incorporated into the rear section of the seal carrier, 
e.g. second component 120. The cut-out feature may deflect a 
leakage flow 156 in a radially inward direction and thereby 
create flow spoiling and/or counter-rotating Vortices 172, 
182. The second cut-out feature may direct the leakage flow 
after the last fin 132 of a labyrinth seal, so that the first of the 
two counter-rotating Vortices forms. As a result, there may be 
a decrease in the leakage mass flow. Furthermore, the Vortex 
arrangement, e.g. third flow feature 182, may direct the leak 
age flow 156 away from the rotating first component 110 and 
onto the static second component 120, thereby reduce a wind 
age loss. The static seal carrier wall, i.e. second component 
120, may be curved, e.g. first recess portion 140, in order to 
reduce the radial velocity and angle of the leakage flow 156 as 
it enters the primary flow region, e.g. mainstream flow. In 
other words a more axial entry velocity of the leakage into the 
mainstream flow may be achieved. The leakage flow may 
therefore cause a lower aerodynamic loss at re-ingestion. 
Either or both of the first and second recess portions 140, 170 
may be included to obtain an improvement in the efficiency, 
although the combined benefit may be greater than the sum of 
the individual benefits. 

In the case of the seal assembly of the present disclosure 
being applied to the IP compressor shown in FIG. 1a (or any 
other compressor), the efficiency of the front row of the IP 
compressor and consequently the overall compressor effi 
ciency may be improved. 

With reference to FIGS. 3a and 3b a comparison of the 
Mach number contours for a previously-proposed seal assem 
bly (FIG. 3a) and a seal assembly of the present disclosure 
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(FIG. 3b) is shown. FIG.3b shows that a greater proportion of 
the high Velocity flow is adjacent to the second non-rotating 
component 120, thereby reducing windage losses against the 
first rotating component 110. Furthermore, FIG. 3b shows the 
flow entering the mainstream 160 with a smaller radial veloc 
ity component and in a more axial direction, thereby reducing 
losses on re-ingestion into the mainstream. 
The first and/or second recess portions may be included in 

any seal fin arrangement. For example, with reference to FIG. 
4, aspects of the above-described sealing assembly may be 
used in a stator shroud well of a turbomachine, e.g. in a 
compressor or a turbine. As shown in FIG. 4, the static pres 
sure may rise over compressor stator vanes 220 (or fall in the 
case of a turbine stator). As a result, a leakage flow 256 may 
travel under the stator 220 through a shroud well which is 
sealed. The first and/or second recess portions 240,270 of the 
present disclosure may be applied to stator shroud well design 
as illustrated. However, in contrast to the earlier example, the 
first recess portion 240 may be provided on a surface of the 
first component 210. The first recess portion 240 may be 
downstream of the second recess portion 270. Furthermore, in 
an alternative arrangement (not shown) the second recess 
portion 270 may be located upstream of the final seal fin 232 
to spoil the over-tip jet. 
As before, the first and/or second recesses 240, 270 may 

help to ensure that the leakage flow 256 re-enters the main 
gas-path 260 in a favourable direction and/or reduce windage 
losses by the leakage flow impinging on the rotor disk 210. In 
the configuration shown in FIG. 4, the leakage flow 256 may 
remain attached to the rotating wall of the first component 
210, and the curved profile of the first recess portion 240 may 
direct the re-injected flow into the mainstream 260 in a more 
favourable manner. The shaped cut-out, e.g. second recess 
portion, on thea wall of the stationary second component may 
spoil the leakage flow 256 and may reduce the flow rate and/or 
prevent the flow from bouncing off the rotating wall of the 
first component 210. The second recess portion may be 
referred to as the entry recess portion the first recess portion 
may be referred to as the exit recess portion, the second flow 
feature may be referred to as the entry flow feature, the first 
flow feature may be referred to as the exit flow feature, and the 
third flow feature may be referred to as the middle flow 
feature. 
The invention claimed is: 
1. A seal assembly comprising: 
first and second components; 
a seal arranged between the first and second components to 

seal a secondary flow region from a primary flow region; 
and 

an entry recess portion provided on a Surface of the second 
component adjacent to the seal Such that the entry recess 
portion is transverse to a direction of a flow, the entry 
recess portion further being arranged to receive a first 
portion of the flow from the secondary flow region and 
being configured to promote an entry flow feature within 
the entry recess portion, wherein the entry recess portion 
is set back from the Surface of the second component 
such that a second portion of the flow from the secondary 
flow region bypasses the entry recess portion. 

2. The seal assembly of claim 1, wherein the seal assembly 
further comprises: 
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6 
an exit recess portion provided on the surface of one of the 

first and second components and arranged between the 
seal and the primary flow region, the exit recess portion 
further being arranged to receive flow from the second 
ary flow region and shed flow to the primary flow region, 

wherein the exit recess portion is configured to promote an 
exit flow feature, the exit flow feature flowing with a 
portion of the exit flow feature adjacent to the primary 
flow region and the portion of the exit flow feature being 
shed to the primary flow region in Substantially the same 
direction as the flow in the primary flow region. 

3. The seal assembly of claim 2, wherein the exit recess 
portion is arranged between the entry recess portion and the 
primary flow region. 

4. The seal assembly of claim 1, wherein the entry recess 
portion is further configured such that the entry flow feature 
disturbs the flow from the secondary flow region to cause a 
middle flow feature to be formed downstream of the entry 
flow feature, the middle flow feature deflecting flow away 
from a surface of the first component. 

5. The seal assembly of claim 4, wherein the middle flow 
feature sheds flow into the first flow feature. 

6. The seal assembly as claimed in claim 4, wherein the 
middle flow feature comprises a vortex. 

7. The seal assembly of claim 1, wherein the seal is 
arranged such that it is the last seal in a plurality of labyrinth 
seals. 

8. The seal assembly of claim 1, wherein the seal comprises 
a knife edge seal. 

9. The seal assembly of claim 8, wherein knife edge por 
tions of the knife edge seal are provided on the first compo 
nent. 

10. The seal assembly as claimed in claim 1, wherein the 
entry flow feature comprises a vortex. 

11. A seal assembly comprising: 
first and second components; 
a seal arranged between the first and second components to 

seal a secondary flow region from a primary flow region; 
and 

an exit recess portion provided on a surface of the one of the 
first and second components and arranged between the 
seal and the primary flow region, the exit recess portion 
further being arranged to receive flow from the second 
ary flow region and shed flow to the primary flow region, 

wherein the exit recess portion is a continuous curve 
extending transverse to the secondary flow region and 
configured to promote an exit flow feature within the exit 
recess portion, the exit flow feature flowing with a por 
tion of the exit flow feature adjacent to the primary flow 
region and the portion of the exit flow feature being shed 
to the primary flow region in Substantially the same 
direction as the flow in the primary flow region. 

12. The seal assembly as claimed in claim 1, wherein the 
second component is a static component. 

13. The seal assembly as claimed in claim 1, wherein the 
first component is a movable component. 

14. A turbomachine comprising a seal assembly as claimed 
in claim 1. 

15. A gas turbine comprising a seal assembly as claimed in 
claim 13. 


